Summary. The cumulus oophorus surrounding eggs from C57BL/6 mice was digested by bovine or leech hyaluronidase significantly more rapidly than that surrounding eggs from BALB/c mice. The zona pellucida of C57BL/6 eggs was also more rapidly attacked by pronase. Three other sublines of C57BL showed the same characteristics. Measurements of susceptibility to hyaluronidase and pronase on eggs from the CXB recombinant inbred strains indicated that variation at a minimum of 2 loci affected each character. The lack of correlation between susceptibilities to the 2 enzymes across the recombinant strains implied that these differences separately affect the substrates of the enzymes, rather than reflecting a common difference in the process of oocyte maturation. The variation in susceptibility was unrelated to differences, controlled by the Ped and Qa-2 loci, in the rate of later embryonic cleavage. However, pronase susceptibility was significantly correlated with the early onset of the first cleavage.
Introduction
Preimplantation development proceeds faster in some strains of mice than in others. C57BL mice develop rapidly in the early cleavage stages (Dickson, 1967; McLaren & Bowman, 1973; Niwa et al., 1980; Shire & Whitten, 1980a; Goldbard & Warner, 1982) . They also belong to the group of strains having the largest number of cells at the time that fast developing strains form blastocysts (89 h after hCG : Warner et al., 1988) . Observations in vivo (McLaren & Bowman, 1973) suggested that cleavage started earlier in C57BL zygotes than in those of several other strains. This was confirmed by in-vitro studies in which first cleavage was shown to take place 4 h earlier in C57BL/6By than in BALB/cBy mice (Shire & Whitten, 1980a) . Whitten & Dagg (1961) proposed that the time of cleavage is determined by the timing of fertilization. In C57BL mice mating is reported to be early, as is the arrival of spermatozoa in the vicinity of the ova (Braden, 1958; Nicol & McLaren, 1974) . Early fertilization would also be aided by rapid penetration of the ova by spermatozoa (McLaren & Bowman, 1973) . This would be in accord with reports that the cumulus oophorus of eggs from C57BL/Fa (Braden, 1958) , C57BL/Kw (Krzanowska, 1972) , C57BL/6J (Erickson & Krzanowska, 1974) and C57BL/BiMcL (Nicol & McLaren, 1974) mice were all relatively sensitive to digestion by hyaluronidase. Consequently, we have investigated the genetic basis of sensitivity of the periovum layers to enzymic attack. We have used C57BL/6ByEss and BALB/ cByEss mice as representatives of fast and slowly developing strains, in terms both of first cleavage (Shire & Whitten, 1980a) and subsequent developmental rate (Warner et al., 1988) . This paper describes the susceptibility of the cumulus oophorus and the zona pellucida of eggs from these strains and also from those of the 7 CXB recombinant-inbred strains derived from them (Bailey, 1971 (1981) and Ahmed & Shire (1985) . All mice were raised under standard environmental conditions, as described by Janat & Shire (1987) 
G.). Eggs in cumulus were
normally removed from the oviducts 18 h after hCG. One set of observations was made on eggs 12 h after hCG. The eggs in cumulus from a single oviduct were transferred to 0-5 ml phosphate-buffered saline (0-15 M, pH 7-2) containing bovine testicular hyaluronidase (Sigma) and observed every minute until all the eggs were free of cumulus cells. One set of observations was made using hyaluronidase from leeches (Orgelase: Calbiochem, La Jolla, CA, U.S.A.). These eggs were then transferred to 0-5 ml phosphate-buffered saline containing pronase (Boehringer-Mannheim) and observed every minute until all eggs had lost their zona pellucida. Preliminary experiments (Watson, 1983a) were carried out at ambient temperature, with 12 i.u. hyaluronidase followed by 15 i.u. pronase. Subsequently, incubations were carried out at 37°C, using a thermostatically regulated microscope stage. Enzyme levels were standardized at 12 i.u. hyaluronidase and 5 i.u. pronase, after experiments with 25 i.u. hyaluronidase and 10 and 2-5 i.u. pronase.
All observations were made on clutches of at least 6 eggs from the same oviduct. A preliminary analysis of variance on mice of 9 genotypes showed that within-mouse variation did not contribute significantly more to the variance than did mouse-to-mouse differences within genotypes. Consequently, the separate measurements on the clutches from the left and right oviducts of each animal were used in subsequent analyses. The median dissolution time was calculated for each clutch of eggs for each enzyme treatment. The mean and standard error of the median dissolution time were calculated for each treatment for each genotype. Analysis of variance and t tests were carried out using the SPSS statistical package (Nie et ai, 1975) . Correlations were analysed both parametrically and non-parametrically (Spearman Rank Correlation).
Results
Preliminary experiments showed that eggs from C57BL/6ByEss mice were freed of cumulus more quickly than those of BALB/cBy mice. The optimum amount of hyaluronidase was found to be 12 i.u. Table 1 shows the means of the median time to disperse the cumulus at 37°C in the two parental strains, 3 other C57BL/BL sublines and the 7 recombinant inbred strains. Analysis of variance showed a significant effect of genotype on dispersion time (Fj, 237 = 964, < 0001). The cumulus surrounding BALB eggs took significantly longer (10-4min, t = 22, < 0001) to dis¬ perse than did that surrounding C57BL/6ByEss eggs. The cumulus of eggs from all 4 sublines of C57BL dispersed rapidly (mean times, 19-7-23-9 min). Of the recombinant inbred strains, D was identical to C57BL and H and both closely resembled BALB. Eggs from the G, E, I and J lines were significantly less susceptible to hyaluronidase than were eggs from either parental strain.
The zona pellucida of eggs from C57BL/6ByEss mice was digested more rapidly than that of eggs from the BALB mice by both 5 i.u. (4-1 min, t = 6-6, < 0001) and 2-5 i.u. (6-6 min, t = 11, < 0001) pronase added to the medium. The results in Table 1 ( 13-3, 13-5, 13-5 , and 14-9 min). The mean of the D line, as for hyaluronidase, fell within the range of the C57BL values while the G mice resembled their BALB parental strain. Three recombinant strains, , and J, were significantly more resistant to pronase than were either of their progenitor strains. Table 2 shows the mean responses of eggs from the parental strains when exposed sequentially to bovine hyaluronidase and pronase 12 h after the injection of hCG. The eggs from C57BL/ 6ByEss mice were significantly more susceptible to both enzymes than were eggs from BALB mice at this time, and the differences between the two strains were more marked than at 18 h after hCG.
Incubation with leech hyaluronidase also showed the cumulus of eggs from the two strains to be different. Values are mean ± s.e. for the no. of clutches in parentheses. 
Discussion
Our observations confirm that the cumulus oophorus of eggs from C57BL mice is more easily digested by bovine hyaluronidase, and show that the cumulus of eggs of BALB mice is more resistant both around the usual time of fertilization (12 h after hCG) and at 18 h after hCG. The similarity of effects of leech hyaluronidase, an endo ß-glucuronidase that only attacks hyaluronic acid (Yuki & Fishman, 1963) , to those of bovine hyaluronidase, an endo a-acetyl hexose aminidase that also cleaves chondroitin and chondroitin 4-and 6-sulphates, indicates that the integrity of the cumulus is maintained by hyaluronic acid. The zona pellucida surrounding C57BL eggs, for all 4 sublines examined, is more easily digested away than that surrounding BALB/cByEss eggs. Previous reports have shown that C57BL/Kw and CBA/Kw eggs are equally susceptible to pronase and trypsin and less resistant than those of KE/Kw mice (Krzanowska, 1972) and that eggs from C57BL/Kw mice are less susceptible to chymotrypsin than those of DDK mice but more susceptible than eggs from C3H/Kw mice (Wabik-Sliz, 1985) .
The occurrence in the recombinant inbred strains of 3 phenotypes for hyaluronidase respon¬ siveness and 4 for pronase susceptibility indicates at least 2 loci for each trait. However, the recovery of recombinant inbreds resembling each parent in a sample of only 7 implies that the number of loci involved is not large, at least for the difference between C57BL and BALB. This is reinforced by the finding that the D line resembles its C57BL parent in susceptibility to both enzymes and that the cumulus dispersion time for eggs from D C57BL and C57BL D Fl hybrids were very similar to each other (191 + 0-3 min, = 13, and 20-7 + 0-3 min, = 27) and to the values for eggs from C57BL/6ByEss and CXBD/ByEss (20-7 and 21-2 min; Table 1 ). Similarly, the mean times required for pronase to digest the zona pellucida of these Fl eggs (14-1 + 0-5 min, = 25, 14-7 ± 0-5 min, = 12) were very similar to those for the C57 and D parental strains (13-5 and 14-5 min; Table 1 ).
The relationship between susceptibility of eggs to the 2 enzymes is shown in Fig. 1 for the 12 genotypes. Although the two characters appear correlated in the C57BL and BALB progenitor strains this correlation breaks down (r = 0-32, NS) when the data for the 7 recombinant lines are included. This is particularly striking for CXBI, which is one of the genotypes most resistant to hyaluronidase yet is the one most sensitive to pronase. The genetic systems underlying the differences in susceptibility to the 2 enzymes must therefore be different, suggesting that the differences lie in the substrates for the 2 enzymes (mucopolysaccharides and proteins respectively) rather than in a com¬ mon difference affecting the rate of maturation of the oocyte investments. Initial differences have been found between the two strains in the pattern revealed by polyacrylamide gel electrophoresis of the proteins from cumulus cells (Watson, 1983b) . Investigations of strain differences in the major ZP proteins (Wassermann?«/., 1986; Ringuetteera/., 1986) and other constituents of the zona pellucida might be rewarding. That the arrangement of genes found in the 2 long-established inbred strains is not entirely due to chance is suggested by the observation that the investments of eggs of mice of the DDK strain are even more susceptible to both enzymes than are those of C57BL eggs (Wabik-Sliz, 1985) .
The differences between the C57BL and BALB/cBy strains in the rate of later cleavage, controlled by the Ped and Qa-2 genes (Warner et (Shire & Whitten, 1980a) , even though C57BL is susceptible and cleaves early whilst BALB is more resistant and cleaves later. However, susceptibility to pronase digestion is significantly correlated (rs = 0-68, r = 0-72, < 0-02) with earliness of first cleavage in these 9 mouse genotypes. CXBI mice combine very early cleavage with maximum susceptibility while CXBJ eggs show maximum resistance to pronase, divide last and showed a significant rate of failure to complete blastocyst formation (Shire & Whitten, 1980a) . Differences in the zona pellucida may therefore be related to differences in the ease and promptness of its penetration by spermatozoa, and consequently in the timing of the start of the cleavage process, and the time of occurrence of the first cell division. Control of the rate of events in the more rapid cell divisions that follow would appear to pass to the Qa-2 system (Warner et ai, 1988 ).
It will be of interest to analyse the relationship of the differences described here in the character¬ istics of eggs to differences in fertilization and the initiation of development contributed by the spermatozoa and the male parent (Braden, 1958; Shire & Whitten, 1980b; Tarter & Alexander, 1984 
